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INTRODUCTION

This project was undertaken because it was felt that the existing
state of imowledge regarding the antigenio properties and relationships
umong the desoribed Nooardia species, as well ag the possible relation.

ships among Nooardia and Mycobacteria, was inadequate., It was antioci~ ’

pated that the study to be undertaken would lead to a better undere
standing of these relationships and thus to improved lmowledge of the
biology of the Nocardise It was also hoped that certain of the results
might be of value in solving the sometimes diffiocult problem of differe
ential etiologio diagnosis in human infection with acidefast microbes.
As indicated in the original request for support, the not uncommon
presence of Noosrdia in humen tissues or products may oreate confusion
in diagnosis and prognosis, unless the true nature of the infeoting
organisms is recognized. While some species are probadly merely cone
teminants or secondary invaders as are saprophytic myoobacteris (ee.ge, 1),
other species are undoubtedly ocapable of causing serious or even fatal
disease so that their proper identification is important (e.g., 2). It
seemed definitely worthwhile, therefore, to investigate the possibility
that suitable serologic tests might be developed which would permit of
wore rapid and aocurates methods for diagnosis.

As & proliniury to the serologic study it was considered desire
sble to sarry cut a ocomparative study of the morphologic and cultural
behavior of the respective mioroorganisms. While recent taxonomic
oclassifications of Nooardia inolude enumeration of these properties for

numerous species (e.g., 3, 4) such summaries are of necessity based at



least in part on the original literature, made up of articles some of
which describe only a single or few species. Certain of the desorip-
tions are, moreover, incomplete or inadequate by ocurrent standards,
while some of the original type strains are no longer available. PFor
the present study, we endeavored to secure from various sources in this
oountry and Great Britain what we oonsidered to be a reasonably repre-
sentative oollection of previously identified strains of Noocardia,
including both saprophytio and known pathogenio strains. We also
selected for oomparative study oertain saprophytic species of Mycobeo-
teria which were available in our laboratory. The collection of oule
tures was then examined for cultural behavior employing methods and
medie which we believed might yield data of differential velue, partic-
ularly since for purposes of uniformity the various strains were inoocu-
lated into samples of a given batch of medium at spproximately the swme
time.

In the serologic studies which followed the cultural work, an
offort was made to propagate all of the cultures on a uniform semi-
synthetio fluid medium, free of large molecular weight impurities, so
as to avoid inadverdent production of antibodies to constituents of the
medium. The nodium selected was one whioch would support the abundant
growth of most Nooardia and saprophytic Mycobacteris; it would also be
satisfactory for pathogenio mycobacterial species in ocase we should wish
to study the latter in subsequent phases of the work. A good deal of
effort was expended in developing convenient methods for production of
suspensions of the microbes suffioiently stable to be used in agglutina-
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tion tests. Various technics for performing the agglutination test
were also examined and it was concluded that & mecroscopic slide test
hed definite advantages over a macroscopic tube test or a mioroscopie
~ slide test.

It was hoped on the basis of pest experience with other antigens
that chickens would prove satisfactory in the production of high-titered
speoific antisera for Nooardia and indeed the preliminary datea obtained
with such antisera seemed quite encoursging. It was only after consider-
sble work had been done that we found many chicken sers to be cupabio of
sgglutinating Noocardia suspensions even prior to experimental immunize.
tion of the animals, so it was decided to sbandon further attempts in
this direction and to use rabbits instead. The individual rabbits were
selected on the basis of tests of their sera, whioch were collected on
pre-immnization bleeding and set up sgainst the antigen which the
animals were expacted to receive in subsequent inoculations.

Rabbits with little or no evidence of pre-immunization antidbodies
were found to be satisfaotory for production of antisera, although the
dilution titers obtained did not in general have high numerical values
and many animals required multiple series of injections to obtain a
stable peak titer. Numerous animals also died during the course of
immnigation presumedbly as a result of the endotoxic properties of the
sntigenic preparations.

Since it was decided to test all antisera simultanecusly with a
given antigen and because of the unavoidabdble delay in seouring these
reagents, they were stored for prolonged periocds. In the case of the
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entisera vhich were stored at 4-5°C efter addition of glycerin (38 per

cont by volume), successive tests carried out at intervals gave some
evidence that the agglutinating ocapacity had deteriorated, Other tech-
nical factors, descridbed below, also gave some diffioulty but were
believed ovaercome by the time the project was terminated. In spite of

the foregoing, it is felt that the serologic data presented are of ocon-
siderable interest and we feel that they shed muoch light on procedures

to be used in future studies which might be expected to be of even

greater value,

Notes Sinco the earlier literature concerning serologio tests, especially
sgglutination teats, with actinomycetes has been reviewed by Slack, Ludwig,
Bird and Canby (6), no attempt has been made to analyse it in this report.
It may be mentioned, homver,thnjb many of the investigators used unidenti
fied cultures of serobic actinomycetes or strains designated by names which
are difficult to correlate with those in curremt use, In some instances
work was performed with only a few species and with single strains of a
given speciess Various workers have noted serologic ocross-reactions among
asrobic actinomyocetes and saprophytio or avirulent mycobacteria, as well

a8 low=titered reactions between certain Nocardie and M. tuberculosis,

The relationships were more readily demonstrated by complement-fixation
than by agglutination tests, 1t seems fair to say in summery that the
examination of the problem of serologic relsationship among Nocardia

end Mycobacteria is far from complete.

——— .
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I. CULTURAL STUDIES

A+ Microbial Colleotion Examined

The ocultural characteristios of the following species and strains

were investigated;

Culture Designation

Obtained from

Ue Se Army Med., Res. and Grad, School

Dre N. F¢ Conant, Duke Univ,

Unive of Minnesota

UeSePoHeS. Hospital, New Orleans

Am. Type Culture Collection

Us 8¢ Army Med. Res, and Grad. Sohool
Drs Re Lo Starkey, Rutgers Univ.

Am. Type Culture Collection

Ue. 8+ Aray Med. Res, and Grad. Schoel
Dr. B. He Ludwig, West Virginia Univ,
Ue Se¢ Army Med. Res. and Grad. School
Dr. No F. Conant, Duke Univ,

Ame Type Culture Collection

Nooardia

N» asteroides ATCC» 3308
L LJ ] 96504
v . " 9970
® . strain 312

. . ®  3l4

L LJ n -

" " "  Henriol
" " "  Wojik 23
Ne blackwellii ATCC 68486
N. oavise " 6848
N. corallina . 999
¥. ocuniouli . 6864
N¢ erythropolis " 4277
N. farcinioa " 3318
N. globerula " 9356
N. hrt'.rwclJ.ulu'i.a~ -

No leishmanii  ATCC 6855
¢ Oe8¢Ne = Our serial number
* ATCE

= jAmerican Type Culture Collection

0+8.N.

316
312
514
304
302
308
310
306
3138
316
371
326
367
382
317
380
386




N.
. O
K.

N.
N.
Ne
N.
N.
N.
Ne

Culture Designation

madurse ATCC 6245
nadurse -
mexicans Weksnsn 18

LJ L} 24

" strain 2178
mininme ATCC 8674
opacs " 4276
paraffiné strain 3410
paragusyensis strain 286
pelletieri n 298
polychromogenes ATCC 3409

rangoonensis " 6860

Myocobacteria

Me
M.
M.
M.
M.

butyrioun
leprae,strain Duval '
phlei, strain 126
smoegmatis

sterooris

«6=

Obtained from
Dr. E. He md'is

Dr. No F. Conant, Duke Univ.

] n n L n "
” n n L " "
" nn ] " "

Ue. 8¢ Army Med. Res. and Grad. School

T L n n n

Dr. R. L. Starkey
Dr. G. Ochoa, Mexico City

Am. Type Culture Collection

Tulane Dept. of Miorob.

n L ” LJ
L] | J n "
" " n "
" L ” ”

Oe8eNe
3388
3838
326
322
324
309
319
362
307
305
370
3238

264
266
260
270
262
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B Methods of Study

Unless otherwise specified below, all cultures wers maintained at
room temperature; this varied from 24° to 32°C during the period of the
ocultural studies.

1. Growth on Solid Media

Each strain was oultured on slants of the following medias Pai's
egg; 4 per cent glyoerin heart-infusion egar pH 6,8; Sabouraud's agar;
Czapek's agar; 3 per cent sheep blood heart-infusion agar; oarrot sgar;
brain heart in!‘usic;n agar; potato glucose agar; 0.2 per cent staroh in
gluocose neopeptone agar. The nature of the growth was observed after
16 and 26 deys.

Characteristics which were recorded includeds production of aerial
mycelium, pigmentation of the surface growth, ability to discolor the
medium (difmlibio pigment), 2ross appearance and consistency of the
growthe '

2. Slide Culture

In preparing slide cultures, sterile equipment and aseptic precautions

were employed. Two oapillary glass rods were placed in parallel across

the center of a slide, the distance separating the rods being slightly

less than the width of a coverglass. In the center of the space between
the rods a very small fragment of culture mass was placed and overspread
with & coverglass which rested on the rods. iielted glycerin agar at

about 50-65°C was then pipetted from one side to fill the space between
coverglass and slide up to the level of the inoculum, so that the latter

was imbedded just at its surface on solidifiocation of the mediume. The
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space between the slide and the edge of the coverglass was sealed on
three sidus with a mixture containing equal parts of melted paraffin
and vaseline, the side left open being the one opposite to that at
which the agar had been introduced. The slide mount was next placed in
a petri dish containing a small wad of moist sotton and the development
of the culture was qbaemd at intervals of 2-3 days over a period of

2 weeks. Thereafter the coverslip was removed; the adhering growth was
fixed with heat and stained with orystal violet, then attached to a
slide with Permount. The preparations were cbserved for the production
of branched mycelium and for the degree to which the latter fragmented.
S Acid-fast Staining Properties |

Smears were made from ocultures on glycerin sgar and in brom-thymol-
blue (BTB) milk medium, after 10 days of oultivation. The staining
solution and method employed were those of Kinyoun, thus eliminating
the heating of the preparations; decolorization was attempted by immer
sion of the snears for 10 seconds in either 1 per cent H,80, solution
or in 3 per cent HC1l solution. As long as some red miocrobial elements
were subsequently seen on mioroscopic exsmination of the smear, the
oculture was considered to be acid-fast although a distinotion was made
between weskly and strongly scid-fast varieties.

4, Growth at 42° and 52°C

Triplicate ufn of cultures were made on glycerin sgar, one set
being subsequently incubated at 42°C and a seocond at 52°C while a third
set wmas kept at room temperature to ohoék on the viability of the inooulum.
Cultures were observed at intervals over a 16-day period.



6. Paraffin utilization

Czapek's fluid medium (without added sugar and containing ammonium
nitrate as the sole source of nitrogen) was inooulated by emulsifying
e small particle of growth (from a glycerin agar slant) against the wall
of the tube at the level of the upper air-fluid interface. A glass rod
coated with sterile paraffin was then inserted into the tube so that a
length of at least one centimeter of the paraffin-coated portion remeined
‘above the surface of the mediums The cultures were observed for evidence
of growth at intervals of 16 and 30 days respectively.
6. Starch Hydrolysis

Saoh strain was inoculated by streaking down the center of the surface
of 2 long thin slants of neopeptone glucose agar containing 0.2 per cent
soluble starch, One set of ocultures was tested after 10 days, the second
set after 26 days, by pouring 7-8 drops of Gram's iodine solution over
the surface of the slant and reading after a S-mimute interval of standing,
With diastatic strains, the medium showed no trace of the color which would
be seen if starch were still present; with non-diastatic strains a pur-
plish to blue<black color developed almost at once cver the entire sur-
face of the medium,

7. Nitrate Reduction

Two sets of cultures were prepared on nitrate agar, one being tested
at the snd of 10 days and the other after 30 days. The sulfanilic acid
and dimethyl-alpha-naphthylamine reagents were each added in 0.5 ml
quantities and the tubes were shaken to assure wetting of the surface of
the slant. The test was read after allowing the tubes to stand for 5

minutes. Where only a faint trace of pink developed in the surface of
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the medium with no color in the reagent, the reaction was considered

doubtful. Positive reactions were greded +, #+ and +++ based on the

inoreasing intensity of the color.

8+ Gelatin Liquefnotion 1

In ocool weather the mutrient gelatin medium was first liquefied by
placing the tubes in warm water prior to inoculating; in hot weather this
was unnecessary. The inoculum, derived from a stook glycerin-agar slant

culture, was thoroughly distributed throughout the medium which was put

up in Wassermann tubes. At intervals of 14, 30 and 40 days respectively
the tubes were placed in the cold room (at 4=-5°C) for 2 hours and observed
there for persistent liquefaction. It was noted that when liquefaction
occurred it was always evident by the 30th day so that ircubation for

a longer period was not neceasary.

¢ Action on Bromethymol-blue Milk

Bromethymol-blue was chosen as the indicator, pertly because its
range of color change with varying pH extends on both the acid and
alkaline side of neutrality snd partly because it was noted in preliminsry
tests that litmus was reduced to a colorless form during growth of the
Nocardia whereas BTB was not so affecteds The inoculated medium wes
observed after intervals of 10, 15, SO snd 50 days rospoctivély; evidence
of pH change and other enzymatic action were sought. Clearing of the
turbidity of the milk was considered to indicate peptonization. Later
experiments have ghown that this effect can be much more readily demon-
strated by growing the organisms on agar slants containing milk, instead
of in fluid milk.
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10. Carbohydrate Fermentation

The following oarbohydrates were added in 1 per cent concentre~
tion to serum broth (pH 7.0) containing BTB as indicator; glucose,
maltose, lactose, sucrose, galactose, arabinose, mannite, raffinose,
rhamnose, xylose and inulin, Sets of tubes containing the above media
were inoculated for each strain and observed for acid production at
intervals up to 50 days.

11. Hemolysis
Plates of 3 per cent sheep blood heart-infusion agar were inoculated
for each strain and examined at intervals over a period of 3 weeks for

evidence of zones of hemolysis.

C. Experimental Results

The data on the cultural tests mentioned above are summarized in
Table I« A few remarks on some of the findings seem worthy of mention.

l. Charscteristics _g£ Growth on Solid Media

a) Aerial mycelium - When the various cultures were exan;ined for production
of aerial mycelium (the developmert of & white fuzzy, chalky or powlery
surface on the growth), all the strains of .0 asteroides were found to do
so to some extent but this varied with the media on whioh they were grown.
The 3 strains of N. mexicana also produced aerial mycelium on most media,
Other strains of Nocardia were variable; some (strains with a soft pasty
or yeast=like type of growth) did not produce an aerial mycelium on any

of the media, as was true also for the 5 strains of Mycobacteria,

While growth on potato glucose agar and Sabouraud's agar was usually

likely to show evidence of aerial mycelium, the most consistently positive
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results were secured with starch agar,
The observation that several Nocardia strains did not form aerial
mycelium on sny of the media which were used might be explained either |
on the basis of the loas of this ability by the microorganisms on pro-
longed maintenance in the laboratory or on a deficienocy in the substrate.
Other workers, however, have made similar observations and it would
appear that Nocardie strains or species vary inherently in their ebility
to produce a well-developed gross aerial mycelium (3). In any case, the
characterisgtic is too variable to be acceptable as a prime oriterion

for differentiating Nocardis from Mycobacteria,

Mycobacteria

b) Pigment production =~ This is a characteristic of Nocardia whioh (as
for other miorobes) varies with temperature; the pigment produced in the
growth at 42°C was noted to be much paler than that produced at room
temperature. The intensity of the pigment also varied with the medium,
although the basic oolor remained fairly constant. All strains of X
asteroides produced growth exhibviting some shade of yellow or orange
pignent; other Nocardia also produced similar, and occasionally red,
pigmentse 8till other strains of Nooardia produced only cream, buff to
brown pigments and never yellow, orange or rede The production of the
buff to brown pigment appeared to be correlated with lssk of acid~-fastness
and failure of the mycelium to fragment, Because of the wide range of
colors it was diffioult to drew a sharp line of demarcation between
oolor groupse

Disooloration of the medium appeared to be a variable characteristio,

depending not only on the particular strain of & given Nocardia species
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but also to some extent on the substrate used for cultivation. The

Mycobsoteria did not discolor the media on which they were grown.

It was concluded that pigment production is probably of limited
value in identification but should be correlated with other aotivities.
¢) Consistency of growth « This varied from & soft, pasty, bacteria-like
growth (e.g., No corallins, N, _Elo‘oerula.) to a very firm, leathery, almost

rigid turf (some strains of N. asteroides and others)s In between these
two extremes there was almost every possible intermediate condition so
that it was extremely difficult to meke any separation into groups on
the basis of growth consistency alones The consistency varied with the
medium‘used. It was felt that the use of growth consistency as a basis
of separating groups should be avoided.

2, Growth in Slide Culture

When the Noocardia were grown in slide culture a recognizable true
mycelium was usually observed to develop and to creep out onto both
glass surfaces shead of the fragmented portion. The only exception
among all the Nocardia strains studied was No intracellularis in which

fragmentation was so complete, even in young cultures, that no mycelium
ocould be recognized. Among the remeining Nooardia strains fragmenta-
tion varied, some persisting unfragmented regardless of the age of the
culture; with other strains, although fragmentation was usually complete
in old oultures one could see (out near the tip of the growth) bacillary

elements still in the position originally ocoupied by the unfragmented
filement and its branches. Submerged growth was commonly seen,

The Mycobacteria which were studied in slide ocultures showed only

& packed mass of bacillary elementss there was no submerged growth.
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8¢ Acid-fastness

All strains of N. asteroides studied showed some degrse of aocid-
fastness although considerable variation existed among them and they were
in general, more aocid-fast after bveing grown in milk than on glycerin
agars Among the other species studied meny were not at all acid-fast,
Those forms that showed fragmentetion of the mycelium were acid-fast,
with the exoception of one strain. All strains that did not fragment
were also non-acid-fast. Since acid-fastness appears to vary with the
type of medium used and the method of staining, it should probably not
be used as o primary cheracteristic in identification except when ocar
ried out with adequate oonsideration of these factors.

4. Growth at 42° and 52°C

In nearly all cases where growth ocourred at the higher temperstures
it was quite definite and casily observed, in somo instances boing even
more profuse than at room temperature. It was of interest that while all
8 strains of No sasteroides grew well at 42°C, none of the 3 N. mexicana
strains were capable of doing so. The other Nooardia differed similarly
in their ability to grow at 42°C. Only 2 of the total collection of 29

Nooardia strains oould grow (poorly) et 52° whereas all § saprophytio

Myocobacterium 3pecies grew well even at the higher temperature.
5. Poraffin Utiliszation

T¥hen proliferation ooccurred it developed only on the surface of the
paraffin at and just below the surface of the fluid medium, forming
around the rod & band 2-4 mm, wide. Growth did not oocur in the depths
of the medium and no pellicle was produced.



«lb=

Most of the strains exsmined, both Nocardia and Mysobacteria,

oould utilise paraffine There was no complete correlation between this
capability and other activities. The 4 Noocardia strains which were
unable to utilize the hydrooarbon substrate were completely or nearly
non-goid-fast, but other non-scid-fast species did grow well on this
material,

6 Starch ydro]gais
Apart from four non-acid-fast Nocardis atrains which proved to be

diastatic, the great majority of Nocardia and the 5§ mycobacterial species
did not give evidence of such activity.

7+« Nitrate Reduction

This property appeared to be variable in occurrence and degree and
without apparent relationship to other characteristics of the strains,

8¢ Gelatin _I_.._i_guoraotion

Bight of the 10 non-acid-fast strains of Nocardia were capable of
liquefying gelatin while most of the ecid-fast Nooardia and Mycobacteria

did not do so. There was however no absolute correlation between these
characteristiocs.

S« Behavior -:l_._z_x. BTB Milk

- Growth of most of the Nocardia strains in this medium resulted in
either an alkaline reaction or no change in the indicator; only 2 strains
produced acide The 3 strains of N. mexicana and 3 other (non-acid-fast)
Noocardia strains peptonized the milks, None of the Mycobacterium cul-

tures gave evidence of peptonization; one produced an acid reactions

e dt——b—— - — nt o . L
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10, Carbohydrate Fermentation

The Mycobacteria and most of the Nocardia showed little or no fer-

mentative aotivity when grown in the presence of various carbohydrates
oommonly used in bacteriologic work. Maltose, sucrose, arabinose and
inulin were not fermented by any of the strains tested. Four of the
29 Nocardia strains effected ocolor changes in the media suggesting that
they might have produced acid from certain of the substrates and these
strains were all none.acid-fast, The carbohydrates apparently fermented
varied from one strain to another and did not seem to fit with any
obvicus pattern, The possibility is not excluded, however, that the
four strains might have reduced the BIB indicator and concomitantly
have produced a yellow to brown soluble pigment. This point requires
further checking.
1l. Hemolysis

A few species of Nocardia, all of them non-acid-fast, produced zones
of hemolysis on sheep blood agars All of the acid-fast species, as well
as & fow non-acid-fast varieties, were non-hemolytioc under the experie

mentel conditions,

I1., SEROLOGIC STUDIES

Ae Preparation _<_J£ Rﬂenﬁa

1. Propagation of Cultures on "Stendard" Medium

In an sttempt to cultivate all the strains on a uniform semi-synthetio
fluid medium which itself would be free of antigenic components, a modi
fied Long-Seibert medium was prepared and distributed in quantities of 150
mle in l-liter Florence flasks whioh were plugged with ordinary none
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absorbent cotton and sterilized by autoolaving. The composition of

thée medium was as follows;

Cessmino acids (Difco) 10 pm.
Asparagin 0.6 gme
Potassium acid phosphate 3e0 gme
Sodiun carbonste (anhydrous) 340 gme
Sodium chloride 2.0 gme
Magnesium sulfate 1.0 gme
Ferrioc ammonium citrate 0.056 gme
Glyocerin 40,0 ml.
Distilled water 1000 ml,

For each strain, six flasks were inooulated by tilting to expose
the bottom on which was emulsified (with s spatula) a bit of 10-day
growth from glycorin agar slants. The flask was then slowly returned
to the upright position, allowing the inoculum to float on the surface
of the fluid. By the end of 50 days at room temperature an abundant
wrinkled waxy growth was present on the surface of the clear medium,
Contemination was infrequent, tut if present, it was detected by the
following checkss &) observation of the medium for cloudiness, or
disorete surface colonies (of adventitious fungi); d) streaking of an
aliquot from each flask on a plate of blood agar snd incubation of the
latter at 37°C for 2 days, followed by 1 week at room temperature; o)
examination of plates of Littman's oxgall agar which had been stresked
with an aliquot from each flask and incubated 1 week at room temperature.
The identity of the waxy miocrobial pellicle on the fluid medium was fure

ther ochecked by transferring to glycerin agar slants some of the typical
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growth recovered on the blood agar plate, then comparing the gross
cultural characteristics of the resultant culture with those of the
strain employed as the original inooculum,

For each strain, the uncontaminated fluld cultures were shaken and
pooled in a 4-liter flaske FPhenol was added to 045 per cent final cone
centration and the mixture stored at 4°C for 6 days, after which the
oontentsr of the flask were filtered through sterile filter p‘aper. or
the filtrate, all but 100 ml (which was stored in a sterile bottle at
4°C) was discarded,

Four strains (N. asteroides OSN 304, Ne blackwellii OSN 313,

N madurae OSN 333 and Ne opaca OSN 318) grew very slowly on the fluid
medium employed and produced such soant growth that it was decided to
propagate them on solid substrate in order to obtain sufficient material
for antigen _preparation. Good growth was obtained on the modified Long=
Seidbert medium solidified by the addition of 2 per cent agare The result.
ant microbial mass was harvested (by simply soraping it off the surface
of the slant) and thereafter processed in the same manner es the growth
harvested from the fluid medium following the filtration procedure men-
tioned above,

2. Preperation of Antigen Suspensions

Unstandardized antigen suspensions were prepared for each of the

following strains of organisms.
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O«8.N. Species

302 Noce.rdia. asteroides

304 n

306 L ”

308 " "

310 " "

312 " "

314 " "

316 n "

322 " mexiocana

324 " "

326 " "

309 " minims

313 " blackwellii

316 " caviae

317 " globerules

319 " opaca

323 " rangoonensis

326 " ocunioculi

330 " intracellularis

332 " farcinioca

333 " medurae

336 " leishmanii

362 " paraffinac

370 " polychromogenes

371 n corallina

260 llycobacterimn phlei

270 smegmatis

e
0. 8.N. Cultural Designation Obtained from
318 Nooardia asteroides undetermined souroce
320 " " 1441 Dr. Ae Kligman, Univ., of Penna.
342 " " A402 USPHS Communicable Disease Center
3‘6 L " 5343 L n n "
348 L " Al“ ” LJ " "
350 " " 1267 L " ” ”
362 n " 80-Henrici 4139 " " " "
354 " " 2001 Dr. S. Salvin, USPHS, Rocky Mt. Labe
356 " " - Dept. Vet. Pathe, COhio State Univ,
(isolated from dog)

334 " salnonicolor Dr. Ds Erikson, England
101 streptonwoel griseus ATCC3326A Am. l'ype Culture COIIeot:lon
102 lavendulae ATCC8664 "
103 " venesuelae ATCCl0596 " * " "
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The strains listed above the double line are the ssme strains on which
the cultural studies described in part I were carried oute The strains
listed below the double line were received much later and no ocultural
studies had been done on this group. This latter group of organisms
was also received subsequent to the completion of the immunization pro-
cedures so that no antisera were prepared against thems The antigens
prepared from these strains were however standardized and later checked
sgainst available antisera.

The harvested microbial mass derived from either fluid or solid

medium was now treated to obtain a dense (unstandardized antigen) sus-

pension as follows. The solid growth was transferred to a sterile mor-
tar and wes mamually ground with the aid of a pestle and an equal volume
sterile washed Hi=Flo Supercel which was addede To the resultent homo-
gensous paste was added enough phenolized saline diluent (0,16 M sodium
chloride solution huffered at PH 7¢2 = Te4d with 6.025 M posassium phos-
phates end containing 0.2 per cent phenol plus O.1 per cent bile selts
(Difco) to make a semi-fluid but easily flowing suspensions The latter
was passed twice through ‘a WoodWerkman cone mills and thereafter diluted
sixfold with the phenolized saline diluent. The diluted suspension was
next spun 10 minutes at §00 rpm on the horisontal head of a centrifuge,

in order to sediment the abrasive as well as gross particles of the

antigen. The deposit was discarded, the supernmate (unstandardized
antigen suspension) was transferred to sterile stoppered bottles and

was stored at 4-~5°C until neoded.

¢ Kindly made available by Dre A. G. C. White of the Tulane Dept. of
Biochemistry.
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It should be pointed out that in the early stages of the work
attempts were made to prepare the suspension simply by grinding with
saline in a mortar but without the addition of abrasive. This proved
unsatisfaotory, in terms of the lack of uniformity and stability of
the microbial particles, so the use of the Wood-Werkmen cone mill was
tried. Even with this apparatus it was found ..{ficult to prepare
satisfactory homogeneocus suspensions until the use of Hi-Flo Supercel
(Johns-Manville Cc,) was adoptede With the aid of the abrasive, stable
suspensions were secured snd all of the antigens used below were prepared
in the manner described above, In the latter stages of our work, it was
found that satisfactory suspensions oould be prepared by simply grinding
the miorobial mass in a mortar with Supercel and eliminating the stage
of secondary grinding in the cone mill.

For the production of antiseres, unstendardized antigen suspensions
were injpotede After tho immunization procedure was completed and
before being used for agglutination tests, all antigens were matched
against a selected optical density standard and adjusted to give a suse
pension equivalent in turbidity to a susponsion of E. ooli containing

4.06 x ].O9 organisms per ml.

S Preparation of Antisera

Prior to immnization of all animals, 40 ml. of blood was withdrawn
by cardiac puncture and the serum was stored for later use as a ocontrol
reagente All blood taken, whether pre«or post-lmmmization, was defibrin-
ated with glass beads and the serum then separated by centrifugation. As
a preservetive o.ps glycerin (pH 7.2, adjusted by the addi tion of sodium
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hydroxide) was added, one part by volume to two parts of serum. The
glycerinated serum was stored in screw-cap glass bottles at 4-5°C. A
preliminary determination of the titer of each antiserum was made immedi-
atly after it was secured, sccording to the following procedure, A series
of doubling dilutions of both pree and posteimmunization serum were made
in btuffered ssline, ranging from 1510 to 13160, Two parallel rows of
squares having been ruled off with orayon on a glass plate, one drop of
each dilution was placed in squares arranged so a given dilution of pree
immunization (control) serum was ad jacent to the similar dilution of
hyper-immune serums To each drop of serum was added one drop of unstand-
ardized undiluted homologous antigen. The plate was placed on a Yankee
rotator (Clay=Adems) and rotated in the horizontal plane to 130 RePeM.
for 5§ mimtess The mixtures were then examined for evidence of easily
recogniszed gross agglutination, holding the plate over a fluorescent
light, Agglutination requiring inspection with a hand lens for recognie
tion was not considered as positive in the readings.

It was first decided to try chickens as & source of antibody to the
Nocardia., Ten chickens were used, each being immunized against a dife
ferent strain of N. ssteroides. Each chicken was given 2 ml, antigen
intravenously and 2 ml. intraperitoneally, at 5-day intervals for a
total of 4 inPpotions. . Following a week's rest, each chicken was bled
for titer check and the series of injections was then repeated until
each chicken had received a total of three series of inooculations.

After the first titer check it becmme evident that chickens would be
unsatisfactory for use with the Nocardise 1In all but one of the sera

obtained, the pre<-immunization specimen sgglutinated the antigen to the
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same titer as the post-immunization samples. In some cases the agglue
tination in the pre~immunization serum was stronger than in the poste
immunization sample. It was therefore decided to use rabbits for the
production of antibody.

For each strain or species used as antigen, 2 rabbits were employed.
Because of limited facilities in the animal house, immunization could not
be carried out against more than 8 to 10 strains at any one time. This
had certain drawbacks, since by the time the last group of immunizations
was completed the sera obtained from the first group were over a ycar old.
Variations in the quantity of inoculum and route of inoculations were
tried in the different groups of rabbits useds On each ocossion of ine
Jjection the vacoine was given either intravenously only, or both intree
venously and intraperitoneally; the interval between successive injec~
tions in a given series varied from 4 to 7 deys. The quantity admine
istered by either route varied in different series from 3 to 10 mle.; in
a given series, vacocine was injected on 3 to 10 occasions. The animals
were bled 7 days after the last injection in each series. Each animal
received 1 to 3 series of injecticns, depending on the promptness with
whioch antibodies were produced.

The results may be summarized as followss
a) When a given sntigen was administered to a pair of rabbits, the response
' observed was genorally similar in rate and degree. In many instances
the serum of both animals showed similar titers or titers varying by
not more than 1 or 2 doubling dilutions, when bleedings were taken at
the same time. In other cases, the serum titer in one rabbit of a pair

was significantly lower after the first series of injeotions but when the
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all the various reagents had been dispensed on the squares of the plate,
the antigen and serum dilutions were mixed with a wire and the plate was
set on the horizontal rotator run st 1350 R.PsMs for 5 mimutes. The plate
was then removed, held above a fluorescent light and examined for gross
sgglutination. Our methods thus differed from those used by Ludwig,

Slack and their collaborators (5, 6) who within the past several years
have also been engaged in studies on serologic relationships smong actinoe
mycetes,

All comparative tests were carried out with standardized antigen
suspensions (see above), For the sers a series of 5 successive doubling
dilutions was mudel in a given diluent, starting with 1:;10 dilution. 1In
those instances where marked agglutination occurred in the highest such
serum dilution (1:160), the test was repeated with dilutions of serum

as followss 1:100, 15200, 1;400, 13600.

Ce Results _g‘_ Asglutination Tests

The first series of comparative tests was begun on Febs 10, 1953 and
was ocarried out with sera diluted in 0,01 M phosphate-buffered saline
PE 7+2 = 7e4e The results are summarized in Table II but certain points
seem worthy of brief mention here, Considering first the behavior of
the respective antisera;
a) Of the 5 antisera prepared with as many different strains of N, asteroides,
one (#208) seemed to be essentially devoid of agglutinating antibody and
this antiserum hed resulted from injeotions of Ne. asteroides 0.S.N. 302
which appeared to be agglutinated none-specificaily by all the sera

against which it was tested, It is possibls that, as with certain strains
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of other microbes, N. asteroides 0.S.N. 302 may have been antigeniocally

degraded and lacking in type-specific surface components which would

otherwise have rendered it stable in the presence of normal serume. Two

anti-N, asteroides sera (202 and 246) seemed to be relatively specific, ’
in that the post-immunization specimens agglutinated some but not all

other N. asteroides strains tested and they did not agglutinate many

other species of Nocardia nor the iycobacterie and Streptomyces strains

testeds Two other anti-N, asteroides sera (237 and 251) appeared to be
less specific and more broadly reactive in their behavior when set up

against various Nocardia, Mycobacteria and Streptomyces antigense

b) The anti-N. globerula and enti-N. intracellularis sera appeared to be

relatively specific and potent against their respective homologous organ-
ismas but showed little or no evidence of increased titer of the poste
immanization specimens when tested against heterologous species.

¢) The anti-N. mexicana serum appeared to react with nearly all N. asteroides

strains tested; it also agglutinated some, but not all, other Nocardia

species, It agglutinated 2 of 3 Streptomyces species, but not the 2 Myco-

bacterium species tested.
d) The unti-!. phlei serum showed low-titered oross-reactions with various
Nocardia strains but a significantly higher titer with the homologous

axntigen. It was noteworthy that this antiserum showed only low-titered

reaction versus M. smegmetis and insignificant reactivity with Streptomyces
antigens,
Exemination of the behavior of the various antigens led to the fol-

lowing tentative conoclusionss
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s) N. asteroides 0.8.N. 302 and N. caviae O.S.Ne 315 appeared to be
spontensously agglutinable.

b) The other 4 N. asteroides strains sppeared to be antigenically hetero-
geneous, since some of them were not agglutinated by antisera which proved
capable of agglutinating other strains. Antigens from N. asteroides
strains 0.S.N. 304, 306, and 308 were agglutinated by pre~-immunization
serum specimens from one or more animals, None of the N. asteroides
strains were agglutinated by the anti-N. globerula or anti-N. intracellu-
laris sera, while they were all agglutinated by the anti-N. mexicana serum
and to a lesser degree also by the anti~lie phlei serum.

o) .0 blackwellii and K. farcinica showed a similar pattern of béhavior,

' differing chiefly in the reactivity with anti-N. mexicana serum exhibited
by the former.

d) K. intracellularis appearsd to be only slightly affected by antisera

prepared against heterologous species.

o) X minima, N. opaca, _11. paraffinee, N, polyohromggtenes, N. rangoonensis

showed only moderate degrees of cross reactivity with heterologous antisers.
£) X. leishmanii showed cross reaotions with certain anti-N. asteroides
antisera as well as with anti-N. mexicena and snti-M. phlei serum.

g) The N. madurae antigen was agglutinsted by pre-immmnization bleedings

of 3 anti-N. asteroides sera as well as the control specinens of

the anti-M. phlei and anti-N. mexicmna sera. It was not agglutinated by

single antiserum vs. N. asteroides, Ne globerula or N. intracellularis,
h) The N. mexicena antigens showed sme oross reactions with anti-N,
asteroides sersa but produced higher titers with antiserum to the homologous

species.
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i) The M. phlei antigen sppeared to be little affected by other than
homologous antiserum; the anti-Ms phlei serum did not however agglutinate
M. smegmatis to a corresponding degree.

J) The Streptomyces antigens were only agglutinated by one or two anti-

.0 asteroides antisera and by anti-N. mexicana serum.

During the course of performing the tests in the first series, it.

! was noted that a oconsiderable degree of agglutinatiox‘x ocourred in pree-
immunization (control) sera, partioularly when Ne asteroides strains O«S.N.
308 and 312 were useds In an effort to eliminate such behavior, these
strains were tested against sera diluted with 4 per cent bovine albumin
solution in buffersd saline pH 6,8 and it was observed that the use of
this diluent eliminated most of the agglutination produced by the control
sera without any appreciable change in the titer of the posteimmunization
sera, It was therefore decided to carry out a second series of tests

‘ using the bovine albumin solution in buffered saline as a diluent.

In May, 1963 the second series of tests was undertaken, in which
the only modification in procedure was the substitution of the albumin
solution for the original diluent. Results are shown in Table III. For
some of the strains sera were available from both rabbits of a pair which

had received injections of a given antigens In certain instances the

reactivity of both such sera showed a fairly good degree of correspondence;
when this was the case the results fof the two antisera have been recorded
on a single line, but where the reactivity differed significantly, the
behavior of each serum is recorded separately, It should be stated also

thet no evidence of a reaction with any antigen was obtained in trials
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Tble III,

Sumary of Agglutination Titers in Tests Buploying as Serum Diluent a 4% Solution of Bovine

7 T p———

ANTIGENS

ANTISZRA

£0T
zot
10T
oLz

oLE
z9%€
9%Ee
re
x£e
£ee
zee
oce
gee
gee
6T
LTE

1919

92€¢
e
(741

9s¢
nse

90t
06

20€ N®°0

from

8

Rebbits Strein

ovTonzoUaA °F
oeTnpuaAeT €
snesTl ‘S
spqeufous
Toud M
eutTTreI00 °N
sousfomoayaded °N
esuryyexed *N
TruemsTeT °N
JoTooTuourTes °N

“ 8
ouanpew N
VITUTOIET °N
STIETNTTOORUT *N
TIOTMO °N
gTsuUsuUocoBuUBI N
woudo °N
wTIeT3 °N
TR °N
SURuw N

. “

] .

wUBITOW N

[N ]

e % € &8s £ & £ 828 ® € E

s =B = 2 & & &8 8 & ® .8 € = I

8
sopToImIse N

0210 = = = = = = = = =
20
304 10 40

208; 281 N, asteroides

WWe - = = = =

8010 = = = = =

- 40 20 20 20 20 10 40

20401 = =~ =
Lo 80160

6 -~ =80 ~1020 - - ==

10

tss 1LY 1t 1t
O T T I I I B = T R LR B
111 I I O ) [ | t 72
1t Qe ' T T I I |
U =T B t 1 1t
111gR'133 '8 RIS
11 QUiIgE 'Y (I A |
N -N N N-NE-T- R
tvr gt tigig s
Pty Qi 11gQ i
t s I B I I
t1r Qv t1ge e
O T R T B A 11ge
N I T B B | (ORI I O
"'33"8'82""
11y g igrrirg
ter gt t1L1gu
113 RS''IRBRINGE'
te: QR!'! tiIge
ter e Pttt
t 1t ||||33!3|||l
e rriQggegt e
IllSIllg Qe
1 18R 8!

8! 18! '
Hl X o1Qg ' ¥

gt 11y
ggtg L E-N
3!!!3!38!?!!
Qtt r1guige

1 /Ugr TR
g'!' |/I'S% lSlllll
tt1o83'] 'RE‘'S'
111 g gt
8'883'938 'K/’ 1!
1g! auaa rgre
11y Qg 1ttt
tr gig! gLt
Q! Qslnglslllll
tllssllalalllll
a3 3388 ARRARRN
4, E

IR

s S8&EE ""8‘8‘%
g a4

zem S=BR e YT Y.
8§ 88 U
28 |IDX ALEIEIB

'l

Nt

.




“ s,
Lol

Ky
+

with antisera propared against is >y Lemiing orgunross  Ne asteroides
0,8.No 314, N, mizdma O.S.M. 307, _‘. osne Dl 3‘1“\\& sunioculi O.8.N.
526, These tasts are therefors 'J';oludsd feow the tabls ,:\Z:ikewlse the
tests with antigen of No cavias Grfhre =35 whick appenred Lo be non-
specifically agglutinated by =ii :ove.

In surveyizg the resultz shwwn in Tabls I11, the following points
appear to be worthy of mentliou:
a) The anti-N., asiercides sers varied in their ability to react with
individual strains of this crganisme The antisera to N, tataraides
strains 0.S.N. 310 and 312, for emample, appsared to be rolstively speci-
fioc for the humdologous organisms and showed no cross-reactions with other
strains of tris species. The antisera tc strains 0.S.Ne 304, 306, 316,
and 318 appearec more broadly reactive, while the lowetiters obtained
with antisera to strains O.S.¥. 302 and 320 suggested that the suspensions
used for inoculation of rabbits had been poorly antigenice Vhere a given
antiserum resacted with several strains of o asteroides, however, differ
ences in titer wure noted suggesting antigenic heterogeneity among the
strains of this crganism

b) The anti-_ll..- asveroides sera showed littls svidence of cross-reaction

witk K. farcinioan, N. intracellularis, N lei shmanii, H. madurae, Ne

mexicana, X gﬁ.nima, X rangoonensis; or the mycobacterial and streptoe

mycetal antigens tested, C(ross-reactions in two or more anti-N. asteroides

wore obtained with .0 blackwellii, N ocoralline, X cunioculi, X. 5loberula .

No paraffinae and N. polychromogenes.

¢) One of the antieNo mexicana sera appeared to be relatively specifio;
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the other entiscra appeared more broadly reactive, although the highest
titers for the enti-N. Exz_xicana OsSeNe 322 sera were obtained with the

homolcgous orgenism. The data suggested that strains O.S.Ne 322 end 324

might be antigenioally distinguishable. Pe:wicvioallae, v reactions of

Polie TEXLOENL L:Sc;ﬁ"s 326 serum
Lo B <y

T e T

the respective homologous antigens witiu

and with anti-N. blackwellii Oc3.N

oL% v rpnasred ho b vf ilgsger

degree than was cbtained with ¥ feerciogomn arguaiioms.

d) The sntisera of . _._51°b@5fe:20 Ln%\\.n, 317 epoeured to be relativaly
LT .

. specific, ylelding highgng

. 3

po S tivers Wit $a3 homelogous antigen; the atgnde

ficant cross-reactions appeared s he }.\cﬁ to Ne corallina and cue or
B AA L LA

more strains of N. asteroides. N
\
e) The anti-N. rangoonensis O.S.N. 323 serum \i\gmarad %0 be quite spenifis

for its homologous antigen. -

.

N
£) Antigens of the following strains were not &g?ﬁ‘l?&%&t}:&ted o » abzuificant
.
-~

titer by any of the heterologous antisera testeds i sk Wbl 332,

-~

2\10 intraoellularis OaS.N. 330, _N-. madurae O¢SeNe 3373 Re miaio o PRI 509’

-y

. . + ”
PHDBEN R L s Belris 103,

0L 0 > 2. NS

Mo smegmatis O.S.N. 270, 8. griseus 0.5.N. 101, s.
After many strains had been tested in the system em:loyi:p bovine
altumin solution, it appeared that the agglutinability of wme a:tigens
was being adversely affected in the presence of this diluzznia For example,
anti-N. madurae OeSeN. 333 serum diluted in bovine albwrisn #siution did
not agglutinate the homologous antigen even at a titer o 1310, whereas
the preliminary check of serum titer performed shertly aitar the time of
bleeding had given a value of 13160, N. madurac Oc5.K. 333 antigen was
therefore tested against aliquots of the homologous antiserum diluted

1:20 and 1:40 with 4.0, 2.0, 100, 0.2 and 0.1 per cent solutions Of
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bovine albumin respectively. No agglutization was seen in antiserum
diluted with saline containing bovine sibumin at concentrations of 1.0
per oent or greater. In 0.2 per cent ali'min solution good agglutination
was obtaeined and the reaction was much more marked in the O.1l per cent
solutior. The antigen was then re-checkeu against antiserum diluted 1510
through 1:160 solely in buffered saliny; definite agglutination was seen
even in the highest dilution, as had been the case originally, It was
concluded that the presence of excessive bovine albumin inhibited agglu-~
tination of some of the antigens and furiher tests using this reagent
were discontinued.

On October 15, 1953 a third seriss :f tests was begun, using 0.01
molar phosphate buffered saline as seruu diluents. The results in general
were similar to those obtained in the earlier series although some dife
.ferences were observed. It was noted, however, that many of the antisera
which had exhibited satisfactory titers versus the homologous organisms
when tested shortly after bleeding or in the first series now failed to
show agglutination even in the 1:10 dilution. It was concluded tenta-
tively that some of the antibodies mizht be labile cn storing or that
glycerin might not be a satisfactory preservative. The latter conclusion
was reinforced by the observation that many of the antisera had developed
cloudiness and at least three had becoms contaminatede At this point

the project was terminated.

III. SUMMARY

1, Cultural Studies

A collection of previously identified Nocardia strains was secured
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oehuveor wogrthsy with that of
sl tested to compare their (. iwrtitNsiomes

S epeyqop

- an behavid
a few saprophytic myoobacterial streins, MNost of tho vur PREN RN -

acoording to the desoriptions given ur them in the literatura, although

some divergences wore observed.

The property of producing sroesly visible aerisl mycelium(ua the

surface of sclid media) was found to be relatively easily and regularly
demonstrable with some Nocardia strains while with others it wes lacking
or demonatrable only on certain med:ia.

ey,

Tae production of bramohad aerial hyphae visible on miocroscopis

examination of slide oulturss wae emonstrable for the majority of

Nocardia strainsg, but wae lackiig for certain _llggg_rdia and ail of the

saprophytic Mycobecoteria tested, Only a few strains of Nocardia (notably

N caviae, K. leishmanid, No nadurae, N. pelletieri, N. rasgoonensis)

I o S

failed to show marked fragment:ticn of the hyphae. lost strains -~

. .—v vulitui‘e
Nocardia exhibited submerged giowth of myecelius §: eurTE T

while the Mycobacteris tested 21d note

wore variable
Pigment production and the oonsiatn_gg if ﬂ wore .

- B

characteristios,

+y2ble was much lest pro-

Acid-fastnsss was variable and when ¢ 2DS

. endent
nounced for Nocardia tten for Mycobacter s I3 degree it was dep

AL 20 -1

largely on the medium used for culsjy sies of the strain examined &nd

also on the method of attempted ¢y v1c-ivatione
The majority of Nocardis s« the saprophytio Myccbacteris wero

L]
cepable of growing at 42°C, but oaly & few of the former grew at 52°Ce.

Most strains of Nooardia ., = ocepable of utilizing paraffin for
N. corallina, N. farcinica,

growth, as were the saprophyt,y ' yycobacteria,

‘-cvm,.‘~

AT —
« M
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He parague rengls and Ne pelleti'gnz:iw appearsd unabls to utilisy paralfine

Diastatioc activity ard zitruie reduction were variable emong the

atraing examined. l '

N
\\ Gelatin liquefaction was observed for certaln of the strains isce

\\'N@n man or animals (some M. asteroides strains, also Ne oaviae,

Ne reapaor. a.u; 41,4¢%P3ble of peptonizing milk, but the majority of

~r~4%  opd the §§[°9ba°t°;fi vid not aoidify or peptonize milk,

i

Of thess wtrains which exndc-ind proteolytis activity, all but XN,

asteroidvs, Ne mexioana and i, ~ Lﬁ‘i‘}*}’ showed nsmel.ti: sctivity

against sheep erythrocytes.

2. Serologic Studies

Me“bhodn. were developed for performing mnurt:wpi’ 3‘."-’7" agglutine~

ticnm tosts using suaspensions of the respeotive amiciuuua m;d,’='§3}t1'°"

obtained by repeatedly injecting rabbits with enfigens ;.wre.vpf.-nd:%:?f oul=

tures grown on a semi-synthetioc medium. 1In one seri¢s of tests, hut\;:?{

saline was used as diluent for the antiserum; in a second series , & por | \\

cent solution of tuwvine albumin in buffered saline vos used as the -:"\'
diluent. It appeared from subsequent work that the bovine slbumin diluent ’ ~
while reducing thP tendency of Nocardia suspensions to agglutinate in
pre-immnizatio.n sera, also interfered to some extent with the reactions

in post-immunization specimens. Neverthaleas, the follcwiny tentative

conclusions seem warranted from the combined datas



’ ¢ .%-

a) Some strains of _l!. asteroides evoked the formation of antibodies

orogs-resoting with other strains of this species as well as with other

Nocardia.

b) Some streins of N. asteroides appeared to evoke the production of
relatively specifio antisera which showed little tendenoy to react with

heterologous antigens,

o, dntigeru producec b; imjeotions of N, globernla, Ne intracellularis and

. No rapgoonensis sppeared to be relatively specific for the homologous

organisms.
d) Cortain ¥, mexicara strains employsd evoked in some rabbits antibodies

which reasted broadly witk a wide vericty of other Nocardia including
N, asteroides, while ciher antisera were more narrowly specific. There

wor limived evidence o a digree of antizsnic specifiocity among the L0

moxicara strains.
R G

! ®) There was relatively ittle oross.reactivity exhibited by the various gnti.
Nosardia sera when tested ngainst e phlei, M. smegmatis or throe Strepto-

myoes strains.
£) The anti-ke phlei serum showed a relativoly high homologous titer but

also gave cross~reactions ix. low titer with mazy strains of Nooardiae /

e, UG V. COWCLUBIOW
Mq‘, * * s

| T o

The upplieat Tl OF Cgpm e iosting to a collection o' idemtified

3 - v
S

Nocardia species and &':. ns, &g Wikl o %0 a fyw straine «f Streptomyoces
SRR ’
snd Myoobaoteria, has rev ud further evidenos of the value of such proe

cedures for the inveyiigs isn of rolationships among the poorly-studied

asrobic actinomycatexn.
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Considerable profit can be expected from further wopy along the

lines which have thus far been explored, using mothods aypjlar to (or
modified from) those developed in this investigation.
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